by glycerol kinase of the liberated glycerol and of adenosine triphosphate added in excess to glycerol-i-phosphate and to adenosine diphosphate; and (c) assay of the residual adenosine triphosphate by the luciferin-luciferase reaction. The assay was optimized with respect to glycerol kinase, buffer, pH, temperature, and adenosine triphosphate. Performance characteristics compare well with those of traditional triglyceride assays.
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Adenosine triphosphate (ATP) causes extracts of firefly lanterns, which contain a mixture of reactants known as the luciferin-luciferase system, to luminesce (1) . This reaction is sensitive enough to detect as little as iO-'5 mol of ATP (2) . The many enzymes and metabolites that participate in ATP conversion reactions potentially can be so assayed (3, 4) . Here, we have used the luciferin-luciferase system to estimate triglycerides (triacylglycerols) in plasma and serum by a three-step procedure: First, triglycerides are liberated from lipoproteins and hydrolyzed into glycerol and free fatty acids by the actions of a-chymotrypsin (EC 3.4.2 1.1) and lipase (EC 3.1.1.3). Second, glycerol kinase (EC 2.7.1.30) catalyzes reaction of the liberated glycerol with ATP added in excess, to form glycerol-i-phosphate and adenosine diphosphate (ADP). Third, the residual ATP is measured by use of the luciferinluciferase system. In the presence of magnesium, these reactants initially form an enzyme-substrate complex and pyrophosphate. In the presence of molecular oxygen, the complex breaks down into AMP and a product of undetermined structure while again releasing luciferase and emitting light (5-7). 
Materials and Methods

Reagents
Results
Typical luminescence signals and calibration.
In Figure   1 light-flash signals are plotted as a function of time. Immediatelyafter the firefly extract was added to the reaction mixture, a rapidly decaying burst of radiant energy was generated. The signal at the extreme left ( Figure 1 , Peak A) represents the reagent blank taken through all procedural steps, except for the addition of glycerol kinase. The other signals (Peaks B through G) were obtained with standards.
Their peak values were directly related to the residual ATP concentrations, and inversely related to the nominal values of the standards. The insert at the upper right of Figure 1 shows the calibration derived from these signals, the reduction of maximum flash intensity from the reagent blank being plotted vs. triglyceride concentration. Unknowns were read from such plots.
Optimization.
We compared alkaline hydrolysis for 30 mm at 70#{176}C with enzymic hydrolysis. The latter was not only less cumbersome, but its specificity obviated the need to correct for any glycerol that might be liberated from other sources, such as phospholipids.
Further, concentrated alkali diminished the light flash intensity. Therefore, enzymic hydrolysis was adopted. However, we found that the enzymic hydrolysis We measured triglyceride by using the final working substrate in the presence of triethanolamine buffer (0.1 mol/L, pH 7.4) or phosphate buffer (0.1 mol/L, pH 7.0). The differences in signal observed with these two buffers were accounted for by random method-error. Phosphate buffer was evaluated further at pH 6.4 and pH 7.6, but the signals were smaller in both instances and phosphate buffer of pH 7.0 was adopted.
The glycerol kinase additions used in the assay of two serum pools, containing 1.10 and 2.92 g of triglyceride per liter, respectively, were varied from 0.2 to 5.0 g of enzyme protein, while other assay conditions were kept constant (Figure 2) . Addition of 1 sg of enzyme protein (equivalent to about 85 MU in a total reaction volume of 311 ML, or about 275 U/L) produced signals as large as those obtained with more enzyme, so this amount was adopted for routine use.
Magnesium ions are required by both the luciferase and the glycerol kinase reaction. We used the magnesium concentration previously reported as optimal by others for the glycerol kinase reaction, because the luciferase reaction simply requires a molar excess of magnesium over ATP and this condition was met.
Reaction temperatures of 25, 30,and 30 #{176}C were compared, with all other conditions unchanged. Random method-error explains the small differences in signal observed. A reaction temperature of 30 #{176}C was adopted for routine use.
Blank signal. To rule out interferences from "preformed" free glycerol or from other substances present in plasma or serum, we performed blank determinations in samples not nominal value of 2.920 g/L. Thus, the relative error, or CV, decreased with increasing signal, while the absolute error, or standard deviation, essentially remained constant. Such additive error characteristics point to the measured signal as the major source of method error (9), and are not unexpected when results are derived from the differences of two observations.
Analytical recovery of added glycerol (Table 2) . Accuracy was evaluated by assaying known amounts of glycerol added to serum samples containing various triglyceride concentrations. Recovery varied within the limits of method error, and averaged 98.7%.
Comparison
with reference method (Figure 4 ). Each of five sampleswas supplementedwIth 1.57 g of glycerol per liter.
procedure to those by the Hantzsch fluorometric reaction according to Kessler and Lederer (8) , which includes sample pre-treatment with zeolite to absorb interferences. When plotted, the results obtained for 57 patients' samples yielded a slope of b = 0.99 and a correlation coefficient of r = 0.99, with a negligible y-intercept.
Reagent stability (Table 3) . We assayed 11 sera, using fresh working reagent. Subsequently, reagent and samples were stored at -20 #{176}C for 30 days, then assayed using these materials. The mean difference between the two sets of results was 20 mgfL, and individual differences were within analytical error.
Discussion
The triglyceride assay described here relates to elements suggested by Bucolo and David (10) and by Hercules and Sheehan (11) . The former authors described enzymic hydrolysis of serum triglycerides, to obviate extraction into an organic solvent followed by physicochemical hydrolysis. The latter authors published a chemiluminescent triglyceride assay while the work reported here was in progress. Our paper reports the development of a triglyceride assay optimized for use with serum or plasma. The fatty acids released from triglycerides during hydrolysis were bound to albumin, a component of the working substrate, to prevent the reaction mixture from becoming turbid and inhibiting the flash intensity. We measure ATP, the indicator substance for quantitation, by instantaneous bioluminescent assay, the method of choice to avoid most interferences (12) .
The major attraction of the bioluminescence technique is its sensitivity. In typical spectrophotometric and enzymic triglyceride assays, 200 to 500 /LL of serum is used, and it has been difficult to reduce sample requirements to less than 50 iL (13) . Our method requires only 1 zL of sample, but a 10-fold dilution of the reaction mixture with water is still necessary to bring the assayed ATP concentrations within the conveniently measurable range of the luciferase reaction. In clinical use, the required diluent might be included in one of the working reagents, but we added water to stop the glycerol kinase reaction. Alternatively, triglyceride estimation in 1 nL of serum-or in the cytoplasm of a single cell from certain tissues-would be possible by omitting the dilution step. No other triglyceride assay provides comparable sensitivity. Indeed, the handicaps limiting ultramicro analysis with bioluminescence reside in the complexity of sampling equipment, not in the elaborateness of the measurement apparatus as is the case for most other ultramicro methods.
The second attraction of the proposed procedure is its simplicity. Traditional triglyceride assays involve four major procedural steps: extraction, removal of interferences, hydrolysis, and the measurement reaction. Our procedure avoids the first two of these steps. The remaining two are achieved in the three reactions mentioned above. Individual sample blanks to correct for "preformed" glycerol are unnecessary, and reliable calibration is obtained with aqueous glycerol standards. As compared with triglyceride standards necessitating organic solvents, glycerol standards not only avoid potential effects on enzymatic reactions but also are less subject to evaporation and to differences in surface tension-problems that loom large when one is dealing with 1-tL samples.
Two conceivably uninviting features of the proposed method are the nonlinear calibration curve, and the unidentified side reaction that consumes ATP. A low ratio of ATP to glycerol kinase binding sites may explain the first feature, but it is unknown whether the enzyme requires saturation by ATP for maximal activity. The second feature mandates that the intervals between mechanical steps remain constant from sample to sample, to avoid potential variability in the ATP loss. Ultimately, the reliability we achieved rested on the quality of calibration by the standard curves. We do not find the care this necessitates to be onerous. Including reagent blanks, standards, and controls, 30 assays can be done in about 40 mm. Thus, our assay should be suitable both for routine use in the clinical laboratory and for research in biochemistry.
